Upgrading of a pond system for municipal wastewater treatment in a decentralized area is evaluated. The other option was to introduce aeration system to the ponds without any additional requirements.
INTRODUCTION
The conventional wastewater treatment systems require a constant input of energy along with a regular maintenance if they are to achieve consistent biochemical oxygen demand (BOD) and nutrient removal (Horan ) . Energy and mechanical spare parts that are necessary for wastewater treatment plants in many parts of the world are very costly (Hills ) .
On the other hand, waste stabilization ponds (WSPs) provide a cheap alternative process (Mara , ) . The most significant advantages are simplicity and low cost in construction (Mara , ; Abdel-Shafy & Salem ). A pond requires only simple maintenance and relies on sunlight as its only source of energy (Horan ; Pearson ) . Such ponds are often constructed in remote sites for decentralized treatment of municipal wastewater. The advantage is the shorter sewer system to the treatment plant, which therefore reduces the investment costs (Tsagarakis et al. ) . The disadvantage is that the concentration of the biomass is rather low (25-50 mg/L) (Henze et al. ; Abdel-Shafy et al.
).
The specific reaction rate is low (Abdel-Shafy & Salem ). Therefore, larger areas are necessary for sufficient effluent quality (Hobus & Hegemann ) .
The upgrading process and optimization is broadly defined as the procedure that is implemented to secure maximum efficiency. This definition includes criteria such as operating cost, process performance, material management and labour resources. These criteria are focused on the products generated by the asset in the overall context of environmental regulations.
The present study concerns a decentralized oxidation ponds sewage treatment plant in a village 160 km northeast of Berlin, Germany. This plant was designed by the Wastewater treatment and reuse is a concept that is being increasingly accepted in most regions of the world, both in industrialized and developing countries, particularly the arid and semi-arid areas that suffer from deficiency of water resources ( On the other hand, the produced biomass is commonly used for land reclamation, particularly for sandy soil. In this 
; Mara ).
The purpose of the present study is to investigate the efficiency of upgrading the decentralized ponds for the treatment of municipal wastewater and increasing the efficiency of removing the pollution parameters. The upgrading was achieved by inserting an aeration system that was powered by green energy. This was achieved without adding land area, new construction or any expansion of the treatment plant. Meanwhile, the effect of the successive process on the treatment of wastewater and biomass was studied. Correlation between the ponds before and after upgrading in terms of treatment improvement was also investigated. Evaluation of the treated wastewater and the produced biomass for the purpose of agricultural reuse is carried out. The fate of heavy metals in the sewage water and the sludge throughout the entire treatment steps was, therefore, evaluated for the safe reuse.
MATERIALS AND METHODS
The aerated/non-aerated pond system
The concerning sewage treatment plant was designed in a rural area to serve 980 inhabitants as a decentralized treatment system. It was decided to upgrade the ponds by implementing an aeration system and to examine the improvement. Two surface aerators were added to one of the settling ponds and two similar aerators were added to pond 1. Energy was supplied by either a wind system during the autumn and winter and by solar energy during the spring and summer seasons. Figure 1 is a diagram representing the decentralized pond treatment system after introducing the aeration systems. The new technical data of the ponds are given in Table 1 .
After implementing the aeration system, the present investigation was carried out for a period of 11 months.
An extensive bi-weekly sampling program was designed to (). The aeration load of the pond system was recorded.
Metals determination
The bi-weekly wastewater samples were collected throughout the study period for the determination of heavy metals. Metal concentrations in the acidified wastewater and digested sludge were determined using a Varian atomic Each result of each sample is the average of ten sequential readings. The double distilled water was absorbed using the same procedure as the samples. This water was used as the blank for the atomic absorption (AA) analysis (a common procedure for the analysis of heavy metals).
The end results presented here are the average of all the studied samples.
RESULTS AND DISCUSSION
Pond system for wastewater treatment before aeration
The physical and chemical characteristics of the raw municipal wastewater and the final treated effluent before introducing the aeration systems are given in Table 2 ). The given results indicate that the old treatment system exhibited inadequate effeciency ( Table 2 ). The quality of the final treated effluent was unsatisfactory for irrigating the forest trees (i.e. below the guideline requirements) as shown in (Table 2 ). It was found that upgrading the efficiency of treatment requires an expansion of 1.6 times larger than the present size to meet such guideline limits. In addition, more construction, operation and maintenance should be implemented. It was, therefore, important to introduce the aeration to the ponds for upgrading and improving the treatment system without any additional construction or land requirement for plant expansion.
Upgrading of wastewater treatment via decentralized aerated/non-aerated pond system
The treatment system was receiving unsteady aeration. The physical and chemical characteristics of the wastewater through the upgraded sequence treatment processes are given in Table 3 . The variation in the level of BOD 5 and Figure 2 . Meanwhile, the variation in the BOD 5 , COD and TSS through the entire sequences of treatment (i.e. raw, settling, aerated pond 1, and non-aerated pond 2) along the total study period are given in Figures 3-5 , respectively. Figure 2 | Level of COD and BOD of the raw wastewater and influent to pond system as well as the aeration loud hours during the study period.
By carrying out the given successive treatment steps, along with the introduction of aeration systems, efficient removal rate of the pollution parameters was recorded ( Such an increase in the TSS is due to the presence of algal dead cells. During the winter period (December-February), the temperature drops to below 5 W C as an average value. The algae then disappeared due to the low solar radiation. Therefore, the anaerobic condition in pond 2 was developed and the performance efficiency declined. The BOD 5 and COD in the final effluent reached the maximum (260 and 509 mg/L, respectively) (Table 3 and Figures 3 and 4) . It is worth mentioning that during the period from December till mid March, one aeration module was out of order in pond 1.
During this period the degradation rate declined to 10 BOD 5 kg/m 3 per day instead of 23 BOD 5 kg/m 3 per day.
It is worth mentioning that the percentage of dissolved COD to the total COD in the raw wastewater was 32.8%, this percentage increased to 39.1% in the final effluent (Table 3) Heavy metals in the wastewater and the sludge Table 6 represents the concentration of nine metals in the wastewater during the successive treatment processes. The overall elimination rate of metals in the final effluent was , 34, 14.3, 68.8, 94.4, 25, 65 5. More land equal to 1.6 times as much as the present plant area would have been required to achieve a similar process performance to that of inclusion of the aerators.
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6. After aeration, the treated effluent can be reused safely for irrigating forest woody trees.
7. The level of heavy metals in the produced sludge is within the permissible level and can safely be reused for agricultural purposes without any risk.
8. Green energy is successfully employed to supply the energy for the aeration devices. However, interruption of the supplied energy occurs from time to time.
9. If a more reliable aeration system was used, better treatment performance could be achieved.
